Abstract-We studied psychophysically whether 'contour closure' enhances the accuracy of shape perception. Stimulus configurations (presented on a blank background) always consisted of identical pattern elements, but the positions of the local elements were varied: the global contour shape either contained closure or not. In the first two stimulus conditions (Closure), the oriented pattern elements (Gabor patches) formed a 'closed' rectangular shape composed of either four long lines or four corners. In the third condition (No closure), the global shape was composed of the four corners, but they were outward oriented, and hence they did not form the outline of a closed contour. We measured the precision of shape perception using a discrimination task in which observers judged the aspect ratio of the outline shape i.e. whether the rectangular shape was tall or wide. We found that: (i) shape discrimination was better (more precise) for Closed contours than for Non-closed contours, i.e. the aspect ratio discrimination thresholds were lower for the Closed than Non-closed configurations. The improved performance could not be explained by differences in visibility of the local elements in the two conditions. (ii) For closed contours, shape discrimination was more precise when the local elements were aligned with the global shape, than when the local elements were orthogonal to it.
INTRODUCTION z
The Gestalt School of Psychology at the beginning of the century demonstrated in a variety of ways how the visual field is effortlessly organized by the 'Gestalt laws' -such as simplicity, similarity, nearness, good continuation, and closure (Koffka, 1935) . Even though these laws of perceptual organization are phenomenally very compelling, the psychophysical constraints and neural mechanisms underlying them are not yet fully understood (e.g. Glass, 1969; Glass and P6rez, 1973; Caelli and Dodwell, 1982, 1984; Malik and Perona, 1990; Julesz, 1991; Field et al., 1993; Kovacs and Julesz, 1993, 1994; Polat and Sagi, 1994; Gallant et al., 1996; Levi et al., 1997) . In other words, we do not understand those mechanisms by which Recently, Kovacs and Julesz (1993) showed in an elegant series of experiments that figure-ground segregation is easier for closed than open contours. The observer's task in their study was to detect an open or closed contour (consisting of aligned Gabor patches) embedded in a background of randomly oriented Gabors.
They found that the distance between Gabor elements forming a contour can be significantly larger for closed than non-closed contours. Their results imply that the global shape of a closed contour emerges from the local elements with less effort than the shape of an open contour.
In most of the recent studies concerned with the integration of local stimulus information into contour closure, the observer segregated a target pattern embedded in background (distractor) patterns (e.g. Caelli et al., 1978; Treisman and Gormican, 1988; Elder and Zucker, 1993; Kovacs and Julesz, 1993) . In the present study, we attempted to investigate closure directly, by presenting the observer with a single stimulus shape in the absence of any background noise.
The global stimulus shapes always consisted of identical pattern elements, but the positions of the local elements were varied in order to produce closed and nonclosed rectangular shapes. In the first experimental condition (Closure with no corners), the eight pattern elements (oriented Gabor patches or spatially-bandpass 'line elements') formed a rectangle consisting of four long lines (Fig. 1 A) . The second type of stimulus display (Clo.sure with corners) contained the same eight Gabor patches, but their positions were arranged in such a way that they formed a rectangle with four corners (Fig. 1 B) . In the third condition (No closure with <:orner.s), the global shape was again composed of four corners, but they were outward oriented, and hence they did not have the outline of a closed contour (Fig. 1 C) . The primary ai m of our experiments was to test whether contour closure enhances a property of the perception of global shape, specifically, whether shape perception is more precise for closed vs open contours. The precision of shape perception was measured by a discrimination task in which the observer had to judge the aspect ratio (width/height) of a briefly flashed stimulus configuration (Closure with no corners, Closure with corners, or No closure with corners; cf. Regan and Hamstra, 1992) . If contour closure improves the precision of shape perception, then aspect ratio discrimination should be better for Closure stimulus configurations. A secondary aim of our experiments was to examine the role of local element orientation in shape perception. Local orientation has been shown in previous studies to have an important effect on shape discrimination.
For example, discrimination of the global orientation of three 'bars' made up of oriented Gabor elements is enhanced when the local (element) orientations match the global orientation (e.g. Saarinen et al., 1997; Levi and Sharma, 1998) . Consider the examples of the stimuli shown in Fig. 1 . The local element orientations are aligned with the global shape (the rectangle), in the left column, and are orthogonal to the global shape in the
